4*. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
G01N 27/26, 27/447 



Al 



(11) Internationa] Publication Number: WO 98AW706 

(43) International Publication Date: 8 January 1998 (08.01.98) 



(21) Internationa] Application Number: PCT/US97/1 1635 

(22) International Filing Date: 1 July 1997 (01.07.97) 



(30) Priority Data: 
08/675.467 



3 July 1996 (03.07.96) 



US 



(71) Applicant: GENETIC BIOSYSTEMS. INC. [US/US]; Suite 

307, 10171 Pacific Mesa Boulevard, San Diego, CA 92121 
(US). 

(72) Inventors: RICE, Sallie; 2117 Stonecreek Place, Chula Vista, 

CA 91913 (US). BROWNING. Charles; 8352-B Sum- 
merdale Road. San Diego. CA 92126 (US). BRUKE, 
James; 1420 Corte Classics, San Marcos. CA 92069 (US). 
NGUYEN. Loi; 10371 Azuaga Street #150. San Diego, CA 
92129 (US). 

(74) Agent: TAYLOR, Stacy, L.; Fish & Richaidson P.C., Suite 
1400, 4225 Executive Square, La JoIIa, CA 92037 (US). 



(81) Designated States: AU, CA. CN, FI. JP. MX, NZ, European 
patent (AT. BE. CH. DE. DK. ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: MEMBRANE LOADER FOR GEL ELECTROPHORESIS 



514' 



514' ^-514' 



i i r ii 



liniijjlll 



II II II II II II II 



-v-502 
506 



500 



(57) Abstract 



A sample applicator (500) comprising: a substrate (502); a membrane (506); and fingers (504), loading areas (512), and sample 
inhibiting agents (514), if necessary, formed into the membrane. (506). 



BEST AVA IL ABLE C<W 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Oabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikisun 


BB 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faao 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IK 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KB 


Kenya 


NL 


Netherlands 


vu 


Yugoslavia 
Zimbabwe 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






BB 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/00706 



-1- 



PCI7US97/11635 



MEMBRANE LOADER FOR GEL ELECTROPHORESIS 
BACKGROUND OF THE INVENTION 

Related Patent Applications 

This is a continuation-in-part of U.S. Patent Application Serial No. 08/397,898, filed 
March 3, 1995, now abandoned. 

1 . Field of the Invention 

This invention relates generally to the field of gel electrophoresis, and more 
particularly to an apparatus and method for loading samples into a gel of an 
electrophoretic gel system. 

2. Description of Related Art 

Electrophoresis gels are widely used in biotechnology for analyzing biomolecular 
sample materials such as proteins and nucleic acids. In molecular biology research 
laboratories, it is well known to use gel electrophoresis to separate and identify sample 
material based on size, charge and other aspects of the sample material. Biomolecules 
such as DNA, RNA and protein are commonly separated using this procedure. 
Electrophoresis involves the migration of electrically charged particles in a gel solution 
or suspension in the presence of an applied electric field. Samples are inserted or 
loaded into the gel of an electrophoretic gel system (EGS) and thereafter an electric 
field is applied to the gel. Each particle in the sample moves toward the electrode 
having an electrical polarity which is opposite the electrical polarity of the particle. 
The electrophoretic mobility of a sample particle is inversely proportional to the size 
of the particle. Various species of a sample may be separated and identified due to 
differences in electrophoretic mobilities in the gel. The gel also reduces the mixing, 
or "cross-talk", of various sample particles during the electrophoretic process. Gel 
electrophoresis thereby facilitates the stable separation and identification of sample 
material. 
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Typically, the initial step in manufacturing an EGS is "casting", or polymerization, of 
the gel. Common techniques used to cast the gel employ a well-forming instrument 
such as a comb having teeth which extend downwardly toward a sample loading end 
of the EGS gel. In these systems, the comb teeth are inserted into the EGS gel before 
polymerization. After the gel polymerizes, the comb is removed from the gel, thereby 
forming sample wells in the gel where the teeth were inserted. One example of such 
a sample well-forming instrument is described in U.S. Patent No. 5,284,565 to Chu, 
et al. The Chu comb forms sample wells in the EGS gel which taper downwardly 
toward the gel enclosure. Disadvantageous^, it has proven difficult to form 
structurally consistent sample wells using these well-forming techniques. 

FIGURES 1-2 show a prior art electrophoretic gel system. As shown in the 
electrophoresis apparatus 100 of FIGURE la, a gel 102 is disposed between two 
substantially rigid plates 104, 106 which are used to secure the gel 102 in place and 
to facilitate casting of the gel 102. The gel 102 typically comprises agarose or 
polyacrylamide. A well-forming comb 108 having a plurality of teeth or fingers 110 
is used to form sample wells in the gel 102. As shown in FIGURE la, the comb 108 
is inserted between the plates 104, 106 into an upper edge of the gel 102 before the 
gel polymerizes. As shown in FIGURE lb, after the gel polymerizes, the comb 108 
is removed from the upper edge of the gel 102. A plurality of sample wells 112 are 
thus formed between the plates 104, 106 in the upper edge of the gel 102. Liquid 
samples are then introduced into the sample wells 112 wherein they form individual 
sample pools, each separated by partitions 114 formed in the upper edge of the gel 
102. To facilitate the electrophoresis process, the apparatus 100 is immersed in an 
electrode buffer solution. The buffer solution may be liquid, gel or paste. As shown 
in FIGURE lb, the apparatus 100 is immersed in the electrode buffer solution so that 
the level of the solution 116 is slightiy below the top edge of the plate 104. After the 
liquid samples are introduced into the sample wells 112, an electric field is applied to 
the electrode buffer solution so that electric current passes through the buffer solution, 
sample material, and gel 102. The samples in the sample wells 112 then migrate 
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toward the bottom of the gel and separate due to their differing migration characteris- 
tics. 

FIGURES 2a and 2b show a prior art horizontal EGS. The horizontal EGS 200 
includes a gel casting structure which has two substantially rigid removable dams 202 
5 shaped to be received by the EGS 200. Before solidification or congelation of a gel 
204, the gel 204 is poured into the EGS 200 and is cast by the EGS walls and the 
removal dams 202. The comb fingers 110 (FIGURES la and lb) are then inserted into 
the gel solution 204 before the gel congeals. After the gel congeals, the fingers 110 
of the comb 108 are removed from the gel 204, as shown in FIGURE 2b. The comb 

10 108, and specifically the teeth 110, form sample wells 112 in the gel 204. Sample 

material is then typically manually inserted into the wells 112 using a pipette. One of 
the drawbacks of this sample insertion technique is that it requires a high degree of 
technical skill and dexterity. Consequently, the insertion of sample material into the 
wells is a time-intensive process which is prone to error and inadvertent spillage of 

15 sample material into the buffer solution. Therefore, there is a need for an improved 
gel electrophoresis method and apparatus which facilitates the loading of samples into 
an EGS. 

As shown in FIGURE 2b, the gel is immersed in an electrode buffer solution for 
electrophoretic separation. Similar to the apparatus of FIGURE 1, the electrode buffer 

20 solution is filled to a level 116 which is sufficient to immerse the gel 204. The EGS 
200 typically includes connections to a power supply (not shown). As shown in 
FIGURE 2b, a cathode wire 206 is immersed in the electrode buffer solution at an 
upper end of the EGS 200 proximate the sample well end of the gel 204. An anode 
wire 208 is immersed in the buffer solution at a bottom end of the EGS 200 near a 

25 distal end of the gel 204. Thereafter, as described above, an electric field is typically 
applied to the buffer solution and the samples previously inserted into the sample wells 
112 separate due to the electrophoretic effect. 
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Another prior art gel electrophoresis system and sample loader is disclosed in U.S. 
Patent No. 5,275/7 10 issued to Gombocz et al. Gombocz teaches a sample loader or 
applicator which has a plurality of applicator channels covered by an absorbent 
material (such as a wick) which prevents the uninhibited flow of sample material into 
5 the gel. When the wicks are loaded with a measured amount of sample material, the 
applicator is lowered into the gel so that the wicks contact the gel, which allows the 
sample material to perfuse through the wicking material and into the gel. Disadvanta- 
geous!^ the applicator taught by Gombocz allows sample material to diffuse into the 
gel and surrounding buffer before the gel is activated by applying an electric field. 
10 Therefore, a need exists for a sample loading apparatus and method for loading 
samples into an EGS which allows samples to be easily, quickly and accurately loaded 
into the gel yet which inhibits the electrophoretic separation of the samples until 
activation by the release mechanism. 

One of the problems associated with the prior art sample loading apparatuses is the 
15 potential for inadvertent cross-contamination via the buffer solution. As shown in 
FIGURE lb, if the samples overflow the sample wells 112, the buffer solution 
becomes contaminated with sample material, which may lead to erroneous results due 
to mixing of sample material between sample wells. Therefore, there is a need for a 
method and apparatus for loading sample material into an EGS which inhibits the 
20 diffusion of sample material into the gel or buffer before electrophoretic action 
commences. 

Another drawback associated with the prior art EGS sample loading devices is due to 
the incomplete polymerization of certain types of gel material such as polyacrylamide 
due to the presence of a polymerization inhibitor. For example, due to the presence 
25 of oxygen, the area surrounding the comb teeth in prior art EGS loaders is often 
incompletely polymerized. Also, because the sample wells 112 are typically spaced 
in very close proximity to each other, the walls or partitions 1 14 are often quite fragile 
and as a result are easily damaged or destroyed. Another drawback associated with the 
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prior art methods and apparatuses for loading samples into an EGS is the difficulty in 
removing undesirable materials such as urea from the sample wells after use. 

Therefore, there is a need for an improved apparatus and method for loading sample 
material into a gel of an EGS. The present invention provides such an apparatus and 
method. 
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SUMMARY OF THE INVENTION 



The present invention is an apparatus and method for loading samples into a gel of an 
electrophoretic gel system (EGS). The preferred sample loader includes a membrane 
which releasably retains the samples such that the samples are controllably released 
5 when the membrane is inserted into the gel of an EGS. In one preferred embodiment, 
the sample loader includes a substrate having a membrane configured as a plurality of 
sample loading areas. The sample loading areas are preferably diffusion-isolated from 
each other. Any practical means to isolate the diffusion of samples between the 
loading areas may be used. For example, the loading areas may be physically 
10 separated to prevent the diffusion of samples from one loading area to another. 

Alternatively, sample inhibiting agents such as hydrophobic ink may be applied to the 
membrane to inhibit the diffusion of samples between the sample loading areas. 

The substrate preferably comprises a strip-like material which is non-porous, non- 
conductive, relatively inert, neutrally charged, and inexpensive. For example, the 
15 substrate preferably comprises either celluloid or plastic. The membrane preferably 
comprises either nylon or nitrocellulose. In an alternative embodiment, the membrane 
is substantially thick and serves as its own substrate. Depending upon the samples to 
be loaded, the membrane may alternatively be neutrally, negatively or positively 
charged. 

20 The sample loading areas preferably correspond to multiple columns of the EGS. In 
use, one or more samples to be subjected to electrophoretic action are applied to the 
sample loading areas of the membrane before the membrane is placed in contact with 
a previously polymerized gel. Cross-contamination of the samples is, in part, 
prevented by the physical spacing between each sample loading area. The substrate 

25 is then positioned with respect to the EGS such that the sample loading areas are 

placed into contact with the polymerized gel immersed in buffer solution. The 
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membrane reieasably binds the samples to the sample loading areas during insertion 
of the sample loading areas into the gel. 

The membrane advantageously prevents contamination of electrode buffer solution and 
cross-talk or mixing between samples by inhibiting the diffusion of sample material 
5 into the gel or buffer solution before the membrane is activated by a release 
mechanism. Once the gel is activated by the release mechanism, the membrane 
releases substantially all of the samples into the gel where the samples are subjected 
to the electrophoretic separation and identification process. 

The membrane of the present sample loader works with several different release 
10 mechanisms- For example, the membrane will release samples when the gel is 
activated via the application of an electric field to the buffer solution. Also, adding 
salt to change the salt concentration, adding acid or base to change the pH, heating or 
cooling, and strengthening or weakening the buffer solution, are techniques that can 
be used to alter the releasing effect. Other release mechanisms include the exposure 
15 of buffer solution to radiation, light, sonic waves, electromagnetic radiation, particle 
bombardment, and any other means that substantially causes the release of sample 
material from the membrane. 

The present sample loader may alternatively be used alone or in conjunction with prior 
art EGS gels, loading apparatuses, and loading techniques. For example, the prior art 

20 well-forming combs may first be used to form sample wells in the prior art gels for 
electrophoresis. Thereafter, samples may be loaded into the gels by applying the 
samples to the membranes of the present sample loader, and inserting the sample loader 
into the sample wells. Alternatively, the present sample loader may be used to form 
sample wells in the gel, and thereafter may be used to actively load samples in the 

25 wells by activating the gel with a release mechanism. 
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The details of the preferred embodiment of the present invention are set forth in the 
accompanying drawings and the description below. Once the details of the invention 
are known, numerous additional innovations and changes will become obvious to one 
skilled in the art. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURES la and lb are side perspective views of an electrophoresis apparatus used 
in the prior art electrophoretic gel systems (EGS). 

FIGURES 2a and 2b are side perspective views of the electrophoresis apparatus of 
FIGURE 1 used in a prior art horizontal EGS. 

FIGURES 3a and 3b are side perspective views of one preferred embodiment of the 
sample loader of the present invention intended for use in a vertical EGS. 

FIGURE 4 is a side perspective view of a vertical EGS intended for use with the 
inventive sample loader of FIGURES 3a and 3b. 

FIGURES 5a and 5b are side perspective views of prior art horizontal EGS system 
using the sample loader of FIGURES 3a and 3b. 

FIGURE 6a is a front plan view of another preferred embodiment of the sample loader 
of the present invention. 

FIGURE 6b is a side view of an alternative embodiment of the sample loader of the 
present invention. 

FIGURE 6c is a front plan view of another preferred embodiment of the sample loader 
of the present invention. 

FIGURE 7 is a front plan view of an end-loaded sample loader in accordance with the 
present invention. 
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FIGURE 8 is a front plan view of an alternative embodiment of the end-loaded sample 
loader of FIGURE 7. 

Like reference numbers and designations in the various drawings refer to like elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

Throughout this description, the preferred embodiment and examples shown should be 
considered as exemplars, rather than as limitations on the present invention. 

FIGURES 3-4 show one preferred embodiment of the sample loader of the present 
5 invention intended for use in a vertical EGS. FIGURES 5a and 5b show the sample 
loader of FIGURES 3-4 intended for use in a horizontal EGS. Referring now to 
FIGURE 3a, the preferred sample loader 308 is shown before being placed in contact 
with an electrophoretic gel 102 which is disposed between two substantially rigid plates 
104, 106 as described above with reference to FIGURES 1 and 2. As described below 

10 in more detail with reference to FIGURE 6a, the sample loader 308, in one preferred 
embodiment, comprises a substrate 320 which has a plurality of sample loading fingers 
310 formed in one side of the substrate 320. The fingers 310 extend downwardly 
away from a top edge 319 of the substrate 320. The fingers 310 preferably include a 
loading area 312. The loading areas correspond to the multiple columns of the EGS 

15 200. Each loading area 312 has an affixed membrane 306. In use, one or more 
samples to be subjected to electrophoretic action are placed on the individual 
membranes 306. As described below in more detail with reference to FIGURE 6a, the 
sample loading areas 312 are "diffusion-isolated." That is, cross-contamination of 
samples applied to each sample loading area is prevented in part by the physical 

20 spacing of the membranes 306 and fingers 310 or by some other convenient diffusion- 
isolation means. 

The loader membrane 306 can have varying thicknesses and can thereby releasably 
retain more or less sample material. In an alternative embodiment, if the membrane 
306 is sufficiently thick, it can serve as its own substrate. 

25 The membranes 306 releasably retain or reversibly bind sample material to the loader 
308. That is, the membranes 306 bind the sample material to the loader 308 when the 
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sample is loaded or applied to the membranes 306 but actively release the sample 
material into the gel 102 upon activation of a release mechanism. Various types of 
membrane material are described below in more detail with reference to FIGURE 6a. 

Biomolecular samples 316 are quickly and easily applied by a technician to the loading 
areas 312 of the fingers 310. The fingers 310 of the loader 308 are placed in contact 
with a proximal upper edge 314 of the gel 102 as shown in FIGURE 3b. The fingers 
310 are inserted far enough into the gel 102 so that the sample material 316 on the 
loading areas 312 does not contaminate the buffer solution after activation of the 
release mechanism. That is, the fingers 310 must be inserted far enough into the gel 
102 so that the sample material 316 is inserted below the buffer solution level 116 and 
the edge 316 so that the sample material 316 does not diffuse into the buffer solution 
when released from the membranes 306. Similar to the prior art EGSs described 
above, the buffer solution may be liquid, gel, or paste. 

After the sample is loaded into the gel 1 02, but before activation of the release 
mechanism, the sample material 316 remains releasably bound to the membranes 306 
of the loader 308. The membranes 306 comprise materials which diffusion-isolate 
applied samples until the membranes 306 are activated by a release mechanism. That 
is, the membranes 306 preferably allow little or no diffusion of sample material 316 
into the buffer solution or gel 102 until the gel 102, and the membranes 306, are 
activated by a release mechanism. However, upon the application of a releasing agent, 
the samples elute out of the membranes 306 and into the gel 102, where they are 
subjected to electrophoretic separation. In the preferred embodiment, the membrane 
306 is selected to releasably bind a particular sample until the EGS electric field is 
applied to the buffer solution. Different membrane material may be used to diffusion- 
isolate different applied sample types, as discussed further below 

Many different release mechanisms may be used in an EGS other than the application 
of an electric field to a buffer solution. For example, adding salt to change the salt 



WO 98/00706 



-13- 



PCI7US97/11635 



concentration, adding acid or base to change the pH, heating or cooling the samples 
or the membrane, and/or strengthening or weakening the buffer solution can be used 
to alter the releasing effect. The present sample loader can be used in an EGS which 
uses any of these releasing agents. 

FIGURE 4 shows a vertical EGS 400 intended for use with the inventive sample loader 
308 of FIGURES 3a and 3b. The EGS 400 includes an upper cathode tank 402 and 
a lower anode tank 404. After the gel 102 polymerizes between the plates 104, 106, 
the plates 104, 106 are inserted vertically into the anode tank 404. Electrode buffer 
solution 408 is poured into the lower anode tank 404 and the upper cathode tank 402. 
A distal bottom edge of the polymerized gel 102 is thereby exposed to the electrode 
buffer solution 408 in the lower anode tank 404. The upper edge 314 of the gel 102 
is exposed to the electrode buffer solution 408 contained by the upper cathode tank 402 
and the plate 104. As described above with reference to FIGURES lb, 2b, and 3b, the 
electrode buffer solution 408 is filled in the upper cathode tank 402 to a level 116 
which is below the top edge of the plate 104 yet which is sufficient to submerge the 
top edge 316 of the gel 102. 

An cathode wire 410 is immersed in the buffer solution 408 and is preferably 
connected to a negative terminal of a DC power supply (not shown). An anode wire 
412 is similarly immersed into the electrode buffer solution 408 within the lower anode 
tank 404 and connected to the positive terminal of a DC power supply. 

After inserting the sample material using the sample loader 308 (FIGURES 3a and 3b) 
into the gel 102 as described above, samples are released out of the membrane and the 
electrophoretic separation process is triggered by activating the DC power supply and 
thereby applying an electric field to the gel 102. Advantageously, the membranes 306 
diffusion-isolate the sample material 316 and the sample material 316 thereby remains 
essentially bound to the membranes 306 unless and until the gel 102 is activated. This 
diffusion-isolation or releasable retention of sample material to the membranes 306 
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reduces the potential for cross-talk between the different samples applied to the 
different fingers 310 and loading areas 312 of the loader 308. Furthermore, 
contamination of the electrode buffer solution 408 is prevented using the present loader 
308. After the sample material 316 is applied to the loading area 312 of the fingers 
310, the membranes 306 bind the sample material to the loader 308 and thereby 
prevent the inadvertent elution of sample material into the electrode buffer solution 408 
when the sample material 316 is placed in contact with the gel 102. 

The present sample loader 308 of FIGURES 3a and 3b and used in the vertical EGS 
400 of FIGURE 4 facilitates the efficient, accurate, inexpensive, and rapid insertion of 
sample material into a gel for gel electrophoresis. In contrast to the prior art sample 
loaders described above, little technical skill or dexterity is required to load samples 
into an EGS using the present sample loader. Samples can be quickly applied to the 
fingers 310 and more specifically the membranes 306 of the loader 308 before the 
loader 308 is placed in contact with the gel 102. Furthermore, because the loader 308 
remains in contact with the gel 102 during the electrophoresis process, the structural 
integrity problems associated with the sample wells formed by the prior art sample 
loaders are eliminated. Moreover, undesirable sample material such as urea can be 
easily and quickly removed using the present sample loader. In contrast, as described 
above, the removal of undesirable sample material from the sample wells formed by 
the prior art sample loaders is a difficult and time-consuming process. Thus, the 
present sample loader 308 overcomes many of the drawbacks associated with the prior 
art sample loading devices and methods. 

FIGURES 5a and 5b show the sample loader of FIGURES 3a and 3b intended for use 
in the horizontal EGS 200 described above with reference to FIGURES 2a and 2b. As 
shown in FIGURE 5a, the gel 204 is cast between two removable dams 202 before the 
insertion of sample material into the gel 204. After the gel 204 polymerizes, the dams 
202 are removed from the device 200. 
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The device 200 is then filled with electrode buffer solution 408 to a level 1 16 which 
just exceeds an upper surface 220 of the gel 204. After the device 200 is filled with 
the electrode buffer solution 408 to the level 116, sample material 316 is applied to the 
loading areas 312 and the membranes 306 of the sample loader 308 as described above 
with reference to FIGURES 3a and 3b. The sample loader 308 is then positioned 
within the EGS 200 so that the loading areas 312 of the fingers 310 are positioned 
proximate a top edge 314 of the gel 204. Thus, the sample material 316 contacts the 
gel 204 at the upper edge 314 as shown in FIGURE 5b. As described above, the 
membranes 306 diffusion-isolate the sample material so that the sample material is 
reversibly bound to the membranes 306. Consequently, very little of the sample 
material diffuses into the gel 204 until the gel is activated by a release mechanism. 
An electric field is then applied to the gel 204 via the cathode wire 206 and anode wire 
208 as described above with reference to FIGURE 2b. The biomolecular samples are 
then substantially released by the loader 308 and loaded into the gel 204. 

FIGURE 6a shows details of a preferred embodiment of the sample loader of the 
present invention. As shown in FIGURE 6a, the sample loader 500 preferably 
comprises a substrate 502 and a plurality of fingers 504. A lower portion of the 
substrate 502 includes a membrane 506 which diffusion-isolates applied sample 
material by reversibly binding the sample material to the fingers 504 of the sample 
loader 500. The thickness of the membrane 506 may be varied to hold different 
sample amounts. Sample loading areas 512 can be further defined in the fingers 504 
by a plurality of sample inhibiting agents 514 which are formed through the membrane 
506. For example, the sample inhibiting agent 514 may comprise hydrophobic ink 
which extends through each membrane 506 to the substrate 502 across the proximal 
end of each finger 504, as shown. The hydrophobic ink 514 inhibits the migration or 
diffusion of sample material from one finger 504 to another. The position of the ink 
514 on each finger may also be used to define and control the size of the sample 
loading area of the membranes 506. 
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Alternatively, the hydrophobic ink 514 can be positioned within the membrane 506 in 
any configuration which inhibits the inadvertent diffusion of sample material from one 
finger 504 to another. For example, as shown in FIGURE 6a, the hydrophobic ink 
514' is vertically formed through the membrane 506 so that the ink 514' is equidistant 
between the fingers 504. 

As described above, the membrane 506 preferably comprises material which diffusion- 
isolates and reversibly binds the biomolecular sample material before activation of a 
release mechanism, such as the application of an electric field. The material binds and 
substantially retains ("releasably retains") the sample material to the loading area 5 1 2 
when it is immersed in a standard electrophoretic buffer solution. However, when an 
electric field is applied to the buffer solution, the membrane 506 preferably releases 
a substantial portion of the bound sample material into the gel for separation and 
identification. After applying an electric field to the gel, the sample transfer rate from 
the loading areas 512 to the gel is preferably substantially equivalent to the transfer 
rates between the sample wells and the gels in the prior art apparatuses. The resolution 
of the sample bands produced using the present loader 500 and the resolution of the 
sample bands produced using the prior art apparatuses are also preferably substantially 
equivalent. 

By definition, a membrane on which sample material will be "releasably retained" 
cannot be one on which sample is retained by absorption. If sample is merely 
absorbed by the membrane, the sample will diffuse from the membrane on contact with 
the gel. Similarly, membranes to be used in the device of the invention should not 
bind the sample so tightly that release of the sample into the gel is prevented. Rather, 
membranes suitable for use in the invention are those on which sample is retained even 
after contact with the gel and until a releasing mechanism (i.e., an electric field or pH 
change) is applied to the membrane. 
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To this end, membranes suitable for use in the device of the invention will be those 
which covalently bind the preferred sample materials to be tested. As such, membrane 
506 has no net positive charge; i.e., membrane 506 has either a net neutral charge, net 
negative charge or no charge, with net negatively charged or uncharged membranes 
5 being preferred for their lack of positively charged regions. Preferred membrane 
materials are therefore negatively charged or uncharged nitrocelluloses and, less 
preferably, neutrally charged nylons (which have a slight positive charge). Examples 
of suitably charged nitrocellulose materials include BA85 (a product of Schleicher & 
Schuell), Biotrace® (a product of Gelman) and Bioblot NC® (a product of Costar). 
10 Examples of suitable neutrally charged nylons include Biotrans® (a product of ICN) 
and Immobilon-S® (a product of Millipore). For ease of reference in this regard, a 
comparison of several commercially available nitrocellulose and nylon membranes for 
their performance in the device of the invention is provided in Example II below. 

The selection of particular membrane material selected for use with the present sample 
loader is made according to the type of samples which are to be applied to the 
membrane. For example, DNA molecules appear to be more easily bound and retained 
by the membranes investigated than are RNA molecules. Similarly, using both native 
and denaturing conditions, proteins are less effectively bound and retained by the 
membranes than are DNA molecules. However, the RNA samples generally are 
released into the gel solution upon activation just as effectively as are the DNA 
samples. Thus, among the samples preferably loaded by the present sample loader 500 
are double-stranded DNA (dsDNA), single-stranded DNA (ssDNA), RNA, and 
proteins. 

Also, the membrane's performance can vary under varying conditions of buffer 
25 solution pH, temperature, salt concentration, and strength. These varying conditions 
can affect the amount of electric charge required to fully release the samples from the 
membrane 506. Moreover, pre-wetting, pre-spotting, and drying time for pre-treated 
membranes, varying sample volume and the magnitude of the electric field applied to 
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the buffer solution, can also affect membrane performance. Those of ordinary skill in 
the art will be familiar with the suitable parameters for these typical laboratory 
conditions for electrophoresis. Thus, the membrane 506 shown in FIGURE 6a 
preferably is used to load any type of biomolecular sample material into an electropho- 
retic gel under typical laboratory conditions. 

Although some specific sample and membrane materials have been described, they 
should not be taken as limiting the scope of the present invention. The present 
invention contemplates the use of any membrane having a net neutral charge, net 
negative charge or no charge for releasably retaining sample material (i.e., which 
releases a substantial portion of the sample material into the gel after the system is 
activated by a release mechanism). 

Referring again to FIGURE 6a, the present sample loader 500 preferably includes a 
substrate 502 which structurally supports the membrane 506. The substrate 502 
preferably comprises a non-conductive, relatively inert, non-porous, neutrally charged, 
inexpensive material. The substrate preferably comprises either celluloid or plastic. 
The substrate 502 may be manufactured using a number of techniques. For example, 
the substrate 502 may first be cut to a desired width. The fingers 504 may then be 
formed in one side of the substrate 502 by cutting, scoring or punching away areas 520 
between the fingers 504. Preferably, the fingers 504 are formed sufficiently long to 
prevent capillary action or wicking of buffer solution from contaminating the samples 
applied to the membrane loading areas. Similarly, the fingers 504 are preferably 
sufficiently long to prevent wicking of a sample from a first loading area 512 to a 
second loading area 512 on another finger 504. 

Preferably, the present sample loader 500 is manufactured by placing the substrate 502 
(which is typically formed into strips) into a membrane slurry material. The membrane 
slurry is placed n contact with the substrate 502 until it solidifies upon the surface of 
the substrate. The fingers 504 are formed in the substrate by punching or cutting away 
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areas between the fingers. Sample loading areas 512 are defined in the fingers 504 by 
scoring substantially horizontal lines across approximate midpoints of the fingers 504. 
During the scoring process, the solidified membrane material is cut away from the 
substrate 502. The substrate 502 is left in tact. In one preferred embodiment, the 
scored membrane is filled with hydrophobic ink 514 as shown in FIGURE 6a and 
described above. Other alternative embodiments use photoetching or photomasking 
techniques to define the sample loading areas 512. 

The membrane 506 may be formed on the finger side of the substrate 502 by any 
convenient method, such as screening liquid membrane material to the substrate 502 
or dipping the substrate 502 into a liquid membrane pool for a time which is sufficient 
to allow the membrane material to adhere to the substrate 502. Alternatively, the 
membrane may be formed by cutting membrane bulk material into strips of equal 
widths and affixing the strips on the substrate 502 as shown in FIGURE 6a. That is, 
the strips of membrane can be used to define the fingers 504 of the sample loader 500. 
In one preferred embodiment, the membrane comprises sheets of plastic-backed 
nitrocellulose material available from Schleicher & Schuell. 

As described above with reference to FIGURE 3a, one alternative embodiment of the 
sample loader 500 shown in FIGURE 6a eliminates the necessity for the substrate 502. 
If the membrane 506 comprises material which is sufficiently rigid, and if the 
membrane 506 is sufficiently thick, the entire substrate 502 can be replaced with 
membrane material (i.e., the membrane 506 is used as the substrate). The fingers 504, 
sample loading areas 512, and sample inhibiting agents 514 (if necessary) are formed 
into the membrane as described above with reference to the preferred embodiment. 
Also, in another alternative embodiment shown in side view in FIGURE 6b, the 
substrate 502 is substantially thicker than the substrate of the preferred embodiment 
and the membrane 506. In this alternative embodiment, the relatively thin membrane 
506 and fingers 504 are attached as "legs" to the bottom 503 of the substrate 502. 
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FIGURE 6c shows a front plan view of yet another alternative embodiment of the 
present invention. The embodiment of FIGURE 6c is similar to that shown in 
FIGURE 6a with the exception that the fingers 504 have been replaced by "virtual 
fingers" which are formed into the substrate 502\ The sample loader 500' shown in 
5 FIGURE 6c is preferably manufactured by screening membrane material 506' onto a 
sample loading portion of the substrate 502' and thereby creating sample loading areas 
512' (or "virtual fingers") onto the substrate 502\ As described above with reference 
to FIGURE 6a, the sample loading areas 512 ? diffusion-isolate sample material which 
is applied thereto until the membrane 506' is activated by a release mechanism. The 
10 notches 520 of FIGURE 6a are replaced by the virtual notches 520' which are merely 
areas of diffusion-isolation between the sample loading areas 512'. The embodiment 
shown in FIGURE 6c is useful in EGS applications which do not require sample 
loading fingers which extend downwardly toward the EGS gel. 

The alternative embodiment shown in FIGURE 6c can alternatively be manufactured 
by first applying or affixing membrane material to the sample loading portion of the 
substrate 502', and then scoring the membrane 506' to create the virtual notches 520' 
(i.e., areas where membrane material is removed from the substrate 502') as shown in 
FIGURE 6c. Alternatively, the sample loading areas 512' can be diffusion-isolated 
from each other using a chemical isolation means such as the hydrophobic ink 
described above with reference to FIGURE 6a. If hydrophobic ink is used, the loading 
areas 512' can be formed by first deeply scoring into the membrane 502' and thereafter 
filling the scored portions of the substrate with the ink. 

Other alternative embodiments of the present sample loader are shown in FIGURES 
7 and 8. FIGURE 7 shows an end-loaded sample loader 600. Similar to the sample 
25 loader of FIGURE 6a, the end-loaded sample loader 600 preferably includes a substrate 
502, a plurality of teeth or sample loading fingers 504, each having a proximal end 602 
and a distal end 604, wherein the fingers extend downwardly away from the proximal 
end 602, a sample loading area 512 at the distal end 604 of the fingers 504, and a 
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membrane 606. The membrane 606 is affixed to the distal end 604 of the fingers 504 
so that only a very small percentage of the total finger length is covered by the 
membrane 606. In contrast, as described above, the membrane 506 of the sample 
loader 500 of FIGURES 6a and 6b covers a substantial length of the fingers. Using 
5 the end-loaded sample loader 600 of FIGURE 7, sample material is applied to the 
sample loading areas 512 by simply dipping or otherwise adhering the sample material 
to the membranes 606. For conventional EGS, the membrane 606 should be sufficient 
to hold a sample in solution where the drop volume is at least approximately 0.3 \iL. 

If the fingers 504 are sufficiently long, the loader does not require use of a sample 
inhibiting agent such as the hydrophobic ink described above with reference to the 
preferred embodiment shown in FIGURE 6. Because a sample is applied only to the 
distal end 604 of a finger 504, and not along the entire length of the finger, the sample 
is less likely to diffuse from one finger to either the buffer solution or another finger. 
Therefore, the longer the fingers 504, the less potential for sample or buffer 
contamination and cross-talk. However, an alternative end-loaded sample loader might 
include such a sample inhibiting agent similar to that described above with reference 
to FIGURE 6. As described above, if included, the sample inhibiting agent preferably 
comprises hydrophobic ink which inhibits the migration or diffusion of sample material 
from one finger 604 to another. The ink is preferably positioned across the width of 
each finger 504 at the proximal ends 602 of the fingers 504. As described above with 
reference to the preferred embodiment, the membrane 606 can alternatively serve as 
its own substrate. 

FIGURE 8 shows another alternative embodiment of the end-loaded sample loader of 
FIGURE 7. Similar to the loader of FIGURE 7, the sample loader shown in FIGURE 
8 preferably includes a substrate 502, and a plurality of sample loading fingers 504, 
each having a proximal end 702 and a distal end 704, wherein the fingers 504 extend 
downwardly away from the proximal end 702. The fingers 504 include a three- 
dimensional sample loading area 712 which surrounds the distal end 704 of the fingers 
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504. The sample loading areas 712 are preferably formed by dipping the fingers 504 
into a pool of membrane material, removing the loader 700 from the pool of membrane 
material, and allowing the membranes to solidify into the colloidons shown in FIGURE 
8. Because the loading areas 712 are much more three-dimensional than the 
rectangularly-shaped loading areas 512 of the sample loader shown in FIGURE 7 (the 
loading areas 512 are substantially two-dimensional), the loading areas 712 accommo- 
date a greater volume of sample material than do the loading areas 512. 

Before insertion of the sample loader fingers 504 into a gel of an EGS, samples are 
typically applied to the membranes covering the sample loading areas 712 and allowed 
to dry. Similar to the sample loader of FIGURE 7, if the fingers 504 are sufficiently 
long, a sample inhibiting agent need not be used. Because samples are applied only 
to the sample loading areas 712, the samples are less likely to diffuse from one finger 
to another and thereby cause cross-contamination of samples. However, as with the 
loader of FIGURE 7, an alternative end-loaded sample loader might include sample 
inhibiting agents similar to those described above with reference to FIGURES 6a and 
6b. 



All of the embodiments of the present invention of an apparatus and method of loading 
samples into a gel of an EGS may also be used with the prior art systems which first 
form sample wells in the gels and then load the wells with the samples to be tested. 
The present invention may be used to load sample material into the sample wells after 
the gel polymerizes. Alternatively, the present invention may be used to load samples 
into sample wells previously formed by a prior art well-forming device. 

Thus, in essence, the present invention is a sample loader for an EGS having well- 
defined difiiision-isolated sample loading areas. The sample loading areas preferably 
include a membrane which releasably retains applied sample material until and unless 
the membrane is activated by a release mechanism. When immersed in a buffer 
solution and/or gel of an EGS, the sample material sufficiently adheres to the 
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membrane so that the sample material does not diffuse substantially into the gel before 
activation of a release mechanism. However, when activated by a release mechanism, 
the membrane releases a substantial portion of the sample material into the gel and 
allows the sample material to undergo an electrophoretic process. A number of 
different means may be used to diffusion-isolate the loading areas. For example, the 
loading areas may be chemically-isolated using a hydrophobic ink. Alternatively, the 
substrate of the loader may be scored thereby forming "virtual fingers" in the substrate. 
Hydrophobic ink may alternatively be used to fill in the scored areas and thus further 
diffusion-isolate the virtual fingers. 

A number of embodiments of the present invention have been described. Nevertheless, 
it will be understood that various modifications may be made without departing from 
the spirit and scope of the invention. For example, as described above, all of the 
embodiments of the present invention may use membrane material as the substrate of 
the loaders. Further, the shape of the various loaders described above and shown in 
the figures is exemplary only, and is not intended to restrict the scope of the invention. 
For example, although the fingers 504 (FIGURES 6-8) are rectangular in the 
embodiments shown and described, they could also be substantially pyramidical, 
spherical, cylindrical, parallelogram-like or triangular. Similarly, the fingers 504 can 
be longer or shorter depending upon the application. The shape of the substrate can 
also be alternatively modified. For example, the side of the sample holder which is 
grasped by a technician may be circularly-shaped, or may include a handle for easy 
handling. The width of the fingers and membranes can also be varied depending upon 
the amount of sample material to be loaded. Also, the loader can be manufactured by 
arranging parallel sheets of substrate under a single membrane sheet, and adhering the 
membrane to both sides of the substrates. Each parallel sheet thereby forms a finger 
of the sample loader. Furthermore, although the method of using the present sample 
loader discloses placing the sample loading areas into contact with the electrophoretic 
gel material, the present sample loader can also be used by inserting the sample loading 
areas and fingers into the gel. 
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Accordingly, it will be understood that the invention is not to be limited to the specific 
embodiments described above or to the embodiments illustrated by the following 
examples, but is defined only by the appended claims. 

EXAMPLE I 

STANDARD PROTOCOL FOR GEL ELECTROPHORESIS 
USING THE DEVICE OF THE INVENTION 

1. Gel 

Conventional gels may be used. 

2. Loading 

Gel: The gel is placed onto a preheated heat sink maintained at 35°C, with an 
aluminum block on top. The gel temperature is equilibrated for 5-10 min. 

Sample: Fresh 35 S labeled Sequenase sequencing reactions should be prepared the 
same day prior to a gel run. The procedure utilized in testing this membrane included 
stopping the reactions with a mixture of 75% Sequenase stop solution and 25% 
glycerol, prepared fresh daily. The samples are denatured at 70°C for 2 minutes after 
preparation. 

Membrane loader: Membrane loaders (BA85; Schleicher & Schuell) are cut from 
sheets using a steel ruled die mounted on a press. The current configuration is an 8 
tooth loader with dimensions 3 cm wide x 2.5 cm long, and with tooth dimensions 
5mm long by 2.5mm wide and with a 1mm space between teeth. After pressing out 8 
tooth loader cut in half to make two 4 tooth loaders. 
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Linear polymer: Prior to application of the sample to the membrane, 1 ml of 4% 
polyacrylamide prepared in water, and catalyzed with the same amount of APS and 
TEMED as above, is added to the well formed by the plug at one end. An equal 
amount is applied to the other end of the gel to form a seal with the buffer block that 
will be placed there. 

Buffer blocks: Two - 1% agarose buffer blocks used for each gel. One is applied to 
the end opposite the loading well by pushing it into place perpendicular to the length 
of the gel prior to the run. The other is used for the same purpose at the loading end 
of the gel after the membrane loader is in place. 

Application of sample: After the gel temperature is equilibrated and linear polyacryl- 
amide solution is placed in the well, 0.75 ul of a fresh sequencing reaction are applied 
to the end of the desired membrane loader tooth with a pipetman. The sample will 
migrate up the tooth by capillary action. Five to ten seconds after application of the 
sample (until it appears that all of the sample is absorbed) the loader is placed into the 
well containing linear polyacrylamide. The second buffer block is placed over the 
back end of the loader and flush against the end of the top plate without disturbing 
loader positioning. 

3. Electrophoresis 

After the loader and buffer blocks are in place, the graphite electrodes are placed on 
top of the appropriate buffer blocks so the opposite ends are plugged into the power 
supply The power supply is activated at 3000 volts constant, 35°C (heat sink) for 20 
minutes. This produces a banding pattern 2/3 to the full length of the gel. 
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EXAMPLE II 
IDENTIFICATION OF MEMBRANES 
FOR RELEASABLY RETAINING SAMPLE MATERIAL 

For ease of reference in selecting membranes for use as the membrane loader in the 
device of the invention, the performance of several commercially available membranes 
in the device was evaluated using the protocol set forth in Example I. Results were 
evaluated by observing sample retention by each membrane on insertion of the 
membrane into the gel and by measuring sample release from the membrane into the 
gel before and after application of a releasing mechanism (the electric field described 
in Example I). Band resolution on autoradiograms ("load quality") was compared after 
each gel run. For comparison, membranes having a positive charge (i.e., which lack 
the ability to releasably retain sample material on insertion into a gel) were also tested. 

To maximize reproducibility, each membrane was tested 4 times on separate gels using 
4 lane loaders. A standard membrane (Biotrace®, a negatively charged nitrocellulose 
product of Gelman) was tested on a fifth gel for comparison to each membrane tested. 
The results of these tests are set forth in Table I below. The results are expressed 
quantitatively in the rightmost two columns on a scale from 0 to 10, where 10 indicates 
performance comparable to standard and 0 indicates a performance unlike the standard 
(i.e., no sample retention and/or poor band resolution). 
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CLAIMS 

1. A sample applicator, for use in an electrophoretic gel system, comprising a 
membrane having a net negative charge, net neutral charge or no charge 
configured to be placed in contact with a gel in an electrophoretic gel system, 
wherein the membrane covalently binds and releasably retains sample thereon 
even when placed in contact with a gel until means for actively releasing the 
sample from the membrane are applied thereto. 

2. The applicator of claim 1, wherein the membrane further comprises an agent 
which inhibits diffusion of sample in the membrane. 

3. The applicator of claim 1, wherein the membrane consists of nitrocellulose or 
nylon. 

4. An apparatus for loading samples into a gel immersed in an electrode buffer 
solution for use in an electrophoretic gel system, comprising: 

(a) a substrate having at least one sample loading area; and 

(b) a membrane having a net negative charge, net neutral charge or no 
charge, which membrane is adhered to the sample loading area, wherein 
the membrane covalently binds and releasably retains sample thereon 
even when placed in contact with a gel until means for actively 
releasing the sample from the membrane are applied thereto. 

5. The apparatus of claim 4, wherein the substrate is non-conducting, substantially 
inert, non-porous, and neutrally charged. 

6. The apparatus of claim 4, wherein the membrane consists of nitrocellulose and 
nylon. 
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7. The apparatus of claim 4, wherein the membrane reversibly binds the applied 
sample via an ionic affinity between molecules of the membrane and the 
applied sample. 

8. The apparatus of claim 4, wherein the membrane further comprises an agent 
which inhibits diffusion of sample in the membrane. 

9. A method of loading samples into a gel of an electrophoretic gel system, 
comprising the steps of: 

(a) applying a sample to a membrane, wherein the membrane accepts and 
retains sample thereon even when placed in contact with a gel until 
means for actively releasing the sample from the membrane are applied 
thereto; 

(b) loading sample onto the membrane; 

(c) contacting the sample loaded membrane with the gel of the 
electrophoretic gel system; and 

(d) applying the means for releasing the sample to the gel so sample is 
released from the membrane into the gel. 

10. The sample loading method of claim 9 ? wherein the membrane comprises a 
material consists of nitrocellulose or nylon. 

11. The sample loading method of claim 9, wherein the substrate consists of 
celluloid or plastic. 

12. The sample loading method of claim 9, wherein the membrane reversibly binds 
each applied sample via an ionic affinity between molecules of the membrane 
and each applied sample. 
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13. The sample loading method of claim 9, wherein the means for releasing sample 
from the membrane comprises applying an electric field to the electrode buffer 
solution. 

14. The applicator of claim 1, wherein the membrane is affixed to a substrate. 

15. The applicator of claim 14, wherein the substrate is configured to form a 
plurality of sample loading fingers. 

16. The applicator of claim 15, wherein the membrane substantially covers the 
fingers. 

17. The applicator of claim 16, wherein the fingers are diffusion isolated from one 
another. 

18. The apparatus of claim 4, wherein the substrate is configured to form a 
plurality of sample loading fingers. 

19. The apparatus of claim 18, wherein the membrane substantially covers the 
fingers. 

20. The apparatus of claim 19, wherein the fingers are diffusion isolated from one 
another. 
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